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Abstract: Several studies have investigated the elements determining the thermal 
comfort of open spaces through the use of physical and physiological 
approaches. The findings showed that psychological adaptation plays an 
equally important role as physical and physiological adaptation in outdoor 
thermal comfort. Therefore, this study was conducted to explore the elements 
of open spaces which perceptually influence thermal comfort in the Indonesian 
context through the use of a mixed qualitative-quantitative approach. The 
qualitative was used in the first phase through the development of a web-based 
questionnaire with open-ended questions and content analysis which was used 
to produce 24 variables. These were further applied in the second phase to 
develop the second questionnaire which contains closed-ended questions after 
which the data obtained were analyzed using factor analysis to determine the 
perceived dimensions of open spaces’ elements. The results showed 10 
perceived dimensions of open spaces’ elements influencing outdoor thermal 
comfort. Moreover, the multiple regression analysis indicated only “shading”, 
“visual and auditory aspects”, and “natural elements and friends’ company” 
had a significant effect but the last two dimensions cannot be tested using 
physical and physiological approaches. These findings are expected to enrich 
place-making guidelines required to assist urban designers and administrators 
in developing more comfortable and livable open spaces for residents. 
1. INTRODUCTION 
Outdoor environments with thermal comfortability have been reported to 
be increasing urban livability and vitality due to their ability to attract more 
visitors and users (Lin, T.-P. et al., 2012; Kántor & Unger, 2010; Kántor, 
Égerházi, & Unger, 2012; Mahmoud, 2011). Several studies have also 
shown the importance of human thermal comfort in determining the 
usefulness of open spaces (Kántor & Unger, 2010; Mahmoud, 2011) and 
evaluating the quality of outdoor thermal environments (Coccolo et al., 
2016). Meanwhile, ASHRAE (2013) defined human thermal comfort as a 
condition of mind indicating satisfaction with the thermal environment and 
which is assessed through subjective evaluation. Few studies have, however, 
evaluated outdoor thermal environments using adaptive or subjective 
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thermal comfort indices (Binarti et al., 2020) or based on people’s perception 
(Baruti, Johansson, & Åstrand, 2019). 
 
1.1 Elements of an Outdoor Thermal Environment 
Physical elements have been used to classify outdoor thermal 
environment into some climate zones which include surface morphology or 
the degree of openness, building form and density, green area ratio, surface 
albedo, surface imperviousness, anthropogenic heat which consists of 
vehicle traffic density and air pollutants, the ventilation potential measured 
by the surface roughness and proximity to heat sink or water bodies, and 
thermal mass (Stewart & Oke, 2012). These indicators have also been 
applied in some studies on outdoor thermal comfort (Liu, L. et al., 2018; 
Yang, F. & Chen, 2016). 
The degree of openness has a significant correlation with air and radiant 
temperature as well as the wind speed in the tropics (Koerniawan & Gao, 
2015; Kubota et al., 2017; Yahia et al., 2018). It is important to note that 
lower degrees of openness create lower air temperatures during the daytime 
and higher values at night (Kubota et al., 2017). Meanwhile, 
Ghaffarianhoseini, Berardi, and Ghaffarianhoseini (2015), Koerniawan and 
Gao (2015), Makaremi et al. (2012), and Yahia et al. (2018) proved the 
effectiveness of shading in improving the outdoor thermal comfort in the 
tropics.  
According to Yang, F. and Chen (2016), surface material imperviousness 
is an effective indicator to classify the ability of the land cover to absorb 
solar radiation. Pervious pavement has also been discovered to have a 
positive effect on outdoor thermal comfort Lin, J. D. et al. (2013). Moreover, 
Irmak, Irmak, Yilmaz, and Dursun (2017) and Schrijvers et al. (2016) 
showed the significant influence of surface albedo.  
Proximity to a heat sink such as water body, water feature, and green 
space also has the ability to moderate harmful heat in urban spaces (Yang, F. 
& Chen, 2016). This is associated with the ability of water bodies to regulate 
diurnal temperature variation by enhancing evaporation during the daytime 
(Steeneveld et al., 2014). Moreover, the cooling effects of vegetation are 
generally attributed to the mechanisms of shading through vegetation canopy 
while evaporative cooling is through evapotranspiration (Huang & Lin, 
2013; Tan et al., 2018). This evaporative cooling effect has the ability to 
balance the reduction of air temperature and increment of relative humidity 
to relieve heat stress. 
1.2 Psychological Adaptation and Multi-sensory 
Interaction in Thermal Perception 
Several studies on outdoor thermal comfort evaluated the quality of the 
outdoor environment by applying physiological indices such as air 
temperature, relative humidity, radiant temperature, wind speed, human 
body metabolism, and clothing insulation as parameters to define conditions 
for acceptable thermal comfort (Binarti et al., 2020). However, people judge 
the thermal environment in real situations through a cognitive process 
involving many inputs affected by physical, physiological, psychological, 
and other processes (ASHRAE, 2013). This, therefore, means a feeling of 
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thermal comfort comes from the total perception of an environment (Reiter 
& De Herde, 2003).  
People are more tolerant of diverse outdoor thermal conditions than those 
associated with indoors (Nikolopoulou & Lykoudis, 2006; Reiter & De 
Herde, 2003). Moreover, Nikolopoulou and Steemers (2003) as well as 
Reiter and De Herde (2003) argued that psychological adaptation contributes 
50% to the variations existing between objective and subjective thermal 
perception in outdoor environments (Nikolopoulou & Steemers, 2003). Past 
experiences and expectations in a place also determine thermal perception 
(Reiter & De Herde, 2003). This was also supported by the findings of 
Nikolopoulou and Lykoudis (2006) that recent experience and expectation 
mainly contribute to variations in over 10°C of neutral or comfortable 
temperatures. 
Humans perceive environments through interactions and integrations 
among several sensory stimuli (Yang, W. & Moon, 2019). According to 
Balcer (2014), thermal perception involves the somatosensory system to 
provide information regarding touch sensations. Some studies also showed a 
multitude of complex interactions between sensory modalities is shaping 
human perceptual experience (Eimer, 2004; Yang, W. & Moon, 2019). 
Moreover, Nitidara et al. (2019) found preliminary evidence showing high 
influences of thermal and visual perceptions on the comfort perception of 
outdoor urban spaces by people in Bandung, Indonesia. 
Studies on multi-sensory interaction between visual and tactile stimuli in 
thermal sensations showed the influence of color on temperature perception 
(Balcer, 2014; Ho et al., 2014). This is associated with the ability of light to 
evoke thermo-physiological responses and alter the perception of the thermal 
environment (te Kulve et al., 2016). Moreover, a field study on the effect of 
light on thermal perception concluded that light significantly affects the 
human thermal perception but only in terms of thermal evaluation not of 
thermal sensation (Chinazzo et al., 2018). A study on the comfort index also 
indicated the combined effect of thermal and auditory conditions on the 
human state of mind. Furthermore, Nagano and Horikoshi (2005) reported 
the significant effect of an auditory condition on thermal comfort. Another 
study also showed the reduction in thermal comfort as the noise level 
increased (Yang, W. & Moon, 2018) and also concluded that acoustic 
comfort was able to increase thermo-neutrality (Yang, W. & Moon, 2019). 
Previous researchers have also studied the effect of visual factors such as the 
brightness or cloudiness of the sun and sky and glare issues from several 
paving systems on outdoor thermal perception as observed in Lam et al. 
(2020) and Rosso et al. (2016). 
1.3 Objectives of the Study 
The working mechanism of thermal comfort perception provides an 
interesting and complex picture of the relationship between human 
perception and the environment. These interactions, however, need to be 
considered more holistically to enrich urban design guidelines. Moreover, 
the multi-sensory interaction raises a hypothetical question ‘what other 
elements of open spaces alter the perception of the thermal environment but 
cannot be tested using objective methods or are beyond physical 
phenomena?’ These are called the perceived dimension elements of open 
spaces which determine thermal comfort. This study was, therefore, 
conducted to answer the question based on the following objectives: 
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(1) To uncover perceived dimensions of elements of open spaces with 
the ability to influence outdoor thermal comfort. 
(2) To show the relationship between perceived dimensions of open 
spaces’ elements and perceived dimensions of open spaces’ comfort. 
This study used an exploratory method to identify the elements of open 
spaces perceptually influencing outdoor thermal comfort at the initial phase. 
This was followed by the application of factor analysis to uncover perceived 
dimensions of open spaces’ elements and comfort at the confirmation phase. 
Moreover, regression analysis was used to measure the significance of the 
correlation between perceived dimensions of open spaces’ elements and 
those associated with comfort. These methods are comprehensively 
explained in the methods section while the results and discussions section is 
divided into four subsections to answer and describe (1) the elements of 
open space perceptually influencing outdoor thermal comfort, (2) perceived 
microclimate conditions and comfort level during respondents’ visits, (3) 
perceived dimensions of elements of open spaces and comfort, and (4) the 
correlation between perceived dimensions of open spaces’ elements and 
those associated with comfort. 
2. METHODS 
 
Figure 1. The framework of the study 
 
A mixed qualitative-quantitative method was employed to achieve the 
objectives of this research as shown in Figure 1. The qualitative method was 
used to identify the elements of open space which are able to perceptually 
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influence outdoor thermal comfort. The next phase involved the use of a 
quantitative method to uncover the perceived dimensions of open spaces’ 
elements and comfort. This involved collection of data using a web-based 
questionnaire designed online through Google Forms and distributed on 
social media such as WhatsApp through the concept of snowball sampling. 
The distribution was limited to respondents residing in Indonesia for years. 
The location (Indonesia) was selected due to its ability to represent countries 
in tropical areas based on its geographical location, economic development, 
and population. The microclimate data were recorded to have the mean daily 
air temperature in the highlands in Indonesia ranging from 13 oC (Dieng 
Plateau) to 24 oC (Bandung) while the lowlands ranging from 28 oC (Jakarta) 
to 29 oC (Yogyakarta, Surabaya, Makasar) (Karyono, 2015). Previous 
studies also showed the ability of shading (Bahar, Santoso, & N, 2017; 
Koerniawan & Gao, 2015) and wind speed (Sangkertadi, 2013) to 
significantly improve outdoor thermal comfort in Indonesia. 
1.4 The First Phase – An Exploratory Qualitative 
Method 
The data used were not acquired on-site but through online 
questionnaires and this means the validity of this study is dependent on the 
memories of the respondents about their outdoor thermal environments or 
experiences. According to Lenzholzer, Klemm, and Vasilikou (2018), the 
duration of a thermal experience affects its thermo-spatial perception. 
Meanwhile, a long-term perception is defined as an image of an environment 
strongly shaped by the human expectation of the place. It relies on 
environmental cues guiding the avoidance or preference for the place 
(Lenzholzer, 2010). Moreover, Nikolopoulou and Steemers (2003) and 
Reiter and De Herde (2003) showed that the subjects' thermal sensations and 
short-term thermal histories have the ability to influence the decisions 
regarding the time duration people spend in outdoor places. This is observed 
from the findings that people intending to engage in active coping with a 
diverse outdoor environment tend to spend a longer time there. Therefore, 
questions regarding the length of stay in the city and the duration of frequent 
activities in the open spaces mentioned were addressed to filter the 
respondent’s experience with those places. 
The exploratory qualitative method contains open-ended key questions 
needed to explore all possibilities of elements perceived by the respondents 
(Creswell, 2014; Kothari, 2004). These include mentioning the open space in 
the place they live, work, or study perceived to be the most thermally 
comfortable and three elements perceived to be the factors influencing its 
thermal comfort in the order of significance. The open space in this study 
includes a grass lawn, a street or highway including the pedestrian walkway, 
a public playground, or a public field for sport. Moreover, a set of questions 
on thermally uncomfortable open spaces were also presented to confirm 
respondents’ previous answers. Additional questions were also included to 
support the key ones and these involve asking about the usual visit times and 
durations of the most frequent activities conducted in the places mentioned.  
Content analysis was used to structure the answers provided by the 
respondents. This approach is confirmed suitable to analyze the answers to 
open-ended questions and also appropriate to enrich indicators related to 
individual perception (Krippendorff, 2004). Open coding was used in this 
study to identify the perceived dimensions as descriptors derived from the 
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answers of open-ended questions while axial coding was applied to establish 
the relationship between categories or subcategories of the descriptors 
(Lawrence & Tar, 2013). 
1.5 The Second Phase – A Quantitative Method 
Data was collected in the second phase through an online questionnaire 
with closed-ended questions. A set of three questions were focused on the 
open space the respondents most frequently visited. The first set focuses on 
the respondents’ length of stay in their town or city to aid their memory or 
experience. The second set was on the most frequently visited open space in 
their town or city and the frequencies, times, and lengths of their visits. Data 
on their thermo-spatial perceptions were collected indirectly to ensure the 
respondents’ memory or experience led to some environmental cues and this 
further guided their preferences in the open spaces. 
The third set consists of open-ended questions from the descriptors or 
variables derived in the first phase after which other elements based on other 
theories were added to create a more solid structure for the questionnaire. 
The respondents were asked to recall their memories of the quality of each 
element or variable at their most frequently visited place on a five-point, 
semantic-differential scale as presented in Table 1. Moreover, a second 
questionnaire was also designed to contain four questions to gauge 
respondents' perceptions of the quality of the microclimate including air 
temperature, wind flow, and humidity as well as the comfort level of the 
open space using the same method and scale. 
The data from the second questionnaire were analyzed using Factor 
Analysis (FA) which has been reported to be generally applied to determine 
the underlying factor structure for a set of variables (McNeish, 2017). This 
method can also be used to develop a theory regarding the nature of 
constructs (Thompson, 2004) due to its ability to identify the smallest 
hypothetical constructs (Watkins, 2018). The varimax rotation method was 
used in the FA to extract the data into a smaller number of variables or 
dimensions by increasing the contrast values of covariances among variables 
to improve the interpretability (Liu, C. et al., 2012). Moreover, it is also 
possible to select the number of factors retained for rotation during data 
extraction based on the eigenvalues (> 1) or the cumulative percentages (≥ 
75%) generated by FA (Costello & Osborne, 2005).  
Regression analysis was also applied to show the correlations between 
the microclimate quality and elements perceived to be influencing thermal 
comfort. The coefficient of determination or the R-squared represents the 
proportion of variance of the independent variables in the regression 
equation such that the R-squared with a p-value < 0.05 indicates a significant 
relationship between the variables. These statistical analyses including factor 
and regression were conducted using JMP v. 10 (SAS Institute, 2012). 
3. RESULTS AND DISCUSSION 
1.6 Elements Perceived to be Influencing Thermal 
Comfort in Open Spaces 
Data was collected in the first phase from 101 respondents living in their 
town or city for more than six months and the information obtained showed 
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all of them have been living in their respective areas for 1-62 years. This is 
necessary due to the fact that people living in these places for this range of 
period has the potential to have long-term experiences with the mentioned 
open spaces (Lenzholzer, Klemm, & Vasilikou, 2018). Moreover, each of 
the respondents highlighted three positive and three negative elements and 
this led to the collection of 606 keywords related to the elements of the open 
spaces. 
This study further classified these keywords into 16 categories including 
8 positives and 8 negatives as shown in Figure 2. The presence (+) and the 
absence (-) of a 'tree’ appeared most frequently compared to other 
categories. Meanwhile, trees and grass were differentiated based on their 
cooling effect (Mahmoud, 2011). The role of greenery or trees in reducing 
outdoor air temperature and improving outdoor thermal comfort has been 
previously mentioned in several studies discussed in the previous section. 
For example, a study on the physical and psychological impact of street 
greenery on thermal perception (Klemm et al., 2015) showed the amount of 
street greenery affected momentary perceived thermal comfort. This means 
the respondents significantly valued the presence of street greenery from an 



















Figure 2. The number of occurrences of keywords classified into eight positive and negative 
categories 
Trees are categorized as natural elements and naturalness is a form of 
psychological adaptation in outdoor thermal comfort (Nikolopoulou & 
Steemers, 2003; Reiter & De Herde, 2003). According to Reiter and De 
Herde (2003), the natural character of a place is a vital parameter for the 
perception of comfort. Moreover, Nikolopoulou and Steemers (2003) 
showed that people have the ability to tolerate the modification of the 
physical environment where it appears naturally. 
The category observed to be most frequent in the negative aspect was 'air 
pollution’ as evident in the presence of its descriptors more in the negative 
role than the positive role. This means the people perceive the contribution 
of air pollution to thermal comfort at a high level. Meanwhile, the 
contribution of clean air to the comfort level is not usually felt in relatively 
clean outdoor air. Moreover, the categories of 'visual aspects’ and 
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'tranquility’ also have a higher number in the negative aspect and this means 
the people perceived uncomfortable thermal conditions when the open 
spaces look 'messy’ and 'dirty’ (in '(-) visual aspects’) or 'noisy’ (in '(-) 
tranquility’).  
The three new factors derived in the second phase including the 
'supporting facilities’, 'visual aspects’, and 'tranquility’ are inexplicable by 
microclimate theories. The category of 'visual aspects’ was derived from 
'clean’ and ‘dirty’, 'view/scenery’, and 'neat’ and ‘messy’ while 'tranquility’ 
was derived from 'noise’ and 'quiet’. Meanwhile, the availability of 'street 
furniture’, 'internet’, and 'sport/play facilities’ are descriptors of the ‘(+) 
supporting facilities’. It was discovered that even though these 'supporting 
facilities’ inarguably have the ability to increase the comfort level, they also 
uncertainly improve the thermal comfort level. Moreover, Figure 2 shows 
the 'visual aspects' dominate the perception of outdoor thermal comfort more 
than 'shading', 'surface material', and 'density'. This is in line with the 
findings of Balcer (2014) that visual and auditory cues have the ability to 
convey, to some extent, temperature perception. The domination of the 
visual input over the other senses was exhibited by the number of the 
keywords recorded in the 'visual aspects’ and 'tranquility’ categories.  
The category of ‘surface materials’ was derived from ‘asphalt (-)’, 
‘paving (-)’, ‘grass (+)’, ‘pond (+)’ while the ‘density’ category was 
observed to be more frequent as a negative element and derived from ‘open 
(+)’, ‘low density (+)’, ‘large space (+)’, ‘wide space (+)’, ‘open lawn (+)’, 
‘spacious space (+)’, ‘low building (+)’, ‘dense buildings (-)’, and ‘massive 
building (-)’. This means the people are more aware of the role of surface 
materials in creating a thermally comfortable open space than the role of 
surface materials in producing an uncomfortable space. They also have more 
awareness of the role of a dense and massive building in creating an 
uncomfortable space than the role of low density, open lawn, and 
large/wide/spacious space in building a comfortable space. 
1.7 Perceived Microclimate Conditions and Comfort 
Level 
The 24 variables derived from the answers provided by the 101 
respondents in the first phase were used to formulate the closed-ended 
questions in the second phase of this study. Table 1 describes the structure of 
the second questionnaire consisting of (a) 24 variables derived from the first 
phase, (b) three elements from urban microclimate theories not mentioned in 
the first phase (* in Table 1), (c) a study on the happiness aspect of a place 
(** in Table 1) (Mehta, 2013; Montgomery, 2015; Ujang, Kozlowski, & 
Maulan, 2018), and (d) four questions on microclimate quality. 
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Table 1. Closed-ended questions of the first questionnaire 
 question answer 
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Figure 2. The number of respondents (count – Y-axis) perceiving the microclimate of the 
most frequently visited open spaces in terms of (a) air temperature (-hot (1) – cold (5)), (b) 
wind (-zero (1) – high (5)), (c) air humidity (-humid (1) – dry (5)), and (d) comfort level (-
uncomfortable (1) – comfortable (5)) 
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Distribution analysis was used to describe the perceived microclimate 
conditions and comfort levels to ensure the open spaces the respondents 
most frequently visited are perceptually comfortable. This is essential to 
determine the influence of the elements found by the respondents in the open 
spaces on their perception of thermal comfort. Figure 2 shows the 
respondents felt most of the open spaces have a quite high comfort level with 
more than 40% at 4-5 level and almost 40% at 6 levels as well as high wind 
speed with more than 50% at 4-5 level. Meanwhile, the air temperature and 
air humidity were observed to be in the neutral or comfortable zone (at 3-4 
levels). This means the most frequently visited open spaces are relatively 
comfortable for the respondents and this confirms the findings of Lin, T.-P. 
et al. (2012), Kántor and Unger (2010), and Mahmoud (2011) that 
comfortable places attract more people to visit. It is also in line with the 
results of Reiter and De Herde (2003) that people consciously or 
unconsciously tend to avoid uncomfortable outdoor environments. 
1.8 Perceived Dimensions of Open Spaces’ Elements and 
Comfort 
The second questionnaire consists of two groups of data which include 
(1) perceived dimensions of open spaces’ elements having the ability to 
influence outdoor thermal comfort and (2) microclimate elements. FA was 
conducted to produce several factors with specific eigenvalues and 
cumulative percentages from the data or variances retrieved from 106 
respondents in the second questionnaire. It is, however, important to note 
that a minimum sample size of 100 is required for FA according to Gorsuch 
(1983) in Mundfrom, Shaw, and Ke (2005) and Thompson (2004).  
Data for each group was rotated using the most-fitted retained factors to 
generate latent constructs or factors. The varimax rotation in group data (1) 
produced eight factors using the factors with eigenvalue > 1 while the 
rotation of the factors with a cumulative percentage ≥ 75% extracted data (1) 
into 10 factors. The second rotation method was, however, considered more 
fit in defining the names of the factor. This is observed from the two factors 
generated with split loading which are the 'visual and auditory aspects’ and 
'natural elements and a company of friends’ and observed to reflect the 
variables within the factors more accurately. 
Table 2 shows 10 factors generated by varimax rotation with the 
cumulative percentage of 75% with 'Neatness’, 'scenery/view’, 'cleanliness’, 
'surface color’, and 'open space dimension’ associated with the visual 
aspects. Another variable observes is the neat, clean, quiet, and spacious 
open spaces with beautiful scenery and light-colored surfaces. Meanwhile, 
the light-colored surface materials were found to have the tendency to 
possess high albedo in terms of microclimate. 
Table 2 also shows people willing to go somewhere with their friends 
prefer open spaces with many trees and water features. They usually find 
smoke-contaminated open spaces full of motorized vehicles and trash. It was 
also discovered that sport and play facilities are easily found in the same 
open spaces and those with dense surrounding buildings are usually provided 
with more shade. Moreover, the presence of pedestrian walkways mostly 
attracts more visitors while high degrees of openness are also associated with 
light surface materials. 
Table 2. Factor loading for all items used in generating the perceived dimensions of elements 
in open spaces influencing outdoor thermal comfort 
 Factors  





































































































Neatness 0.9 0.0 0.1 0.1 -0.0 0.0 0.0 0.2 0.1 0.1 
Scenery/view 0.9 0.1 0.2 -0.1 0.1 0.0 0.0 -0.1 -0.1 -0.1 
Cleanliness 0.8 0.1 0.1 0.1 0.0 -0.0 -0.0 0.2 0.1 0.2 
Open space 
dimension 
0.8 -0.1 0.0 0.0 0.2 0.0 -0.2 -0.4 -0.0 -0.1 
Tranquillity  0.7 0.0 0.2 0.1 0.1 0.1 0.4 -0.1 0.1 0.0 
Surface colour 0.6 0.2 0.2 -0.1 -0.2 0.0 0.0 0.1 -0.0 0.2 
Trees  0.3 0.8 -0.1 0.1 0.3 -0.0 0.1 -0.0 -0.0 -0.1 
Water feature -0.0 0.7 0.4 -0.0 0.0 0.1 -0.2 0.0 0.0 0.1 
A company of 
friends 
-0.2 0.6 -0.3 0.1 0.0 0.1 -0.2 0.1 0.3 0.0 
Flowering plants 0.2 0.6 0.0 -0.0 0.2 0.1 0.1 0.4 0.0 0.3 
Smoke 0.3 0.1 0.8 0.0 -0.0 -0.1 -0.0 0.1 0.1 0.1 
Motor vehicle 0.2 -0.2 0.7 0.3 0.1 0.1 0.1 -0.1 0.1 -0.1 
Trash 0.5 -0.0 0.6 0.2 -0.2 0.0 -0.1 0.2 -0.1 0.1 
Street vendor 0.1 0.1 0.3 0.8 -0.1 0.1 0.1 0.0 -0.0 -0.1 
Advertisement -0.1 0.1 0.0 0.7 -0.1 -0.1 0.0 0.1   0.3 0.1 
Culinary facility 0.3 0.2 -0.1 -0.6 -0.2 0.1 0.1 -0.0 0.3 -0.1 
Seat 0.3 0.3 -0.0 -0.4 0.4 0.2 -0.1 0.4 0.0 0.2 
Sport facility -0.0 0.1 -0.0 0.0 0.9 -0.1 0.1 0.0 -0.1 0.2 
Play facility 0.1 0.3 0.1 -0.2 0.8 0.2 0.2 0.0 0.2 -0.1 
Enclosure 0.0 -0.0 -0.0 0.1 0.1 0.8 -0.1 0.1 -0.0 0.2 
Shading 0.1 0.3 0.1 -0.2 0.0 0.8 0.2 0.1 -0.1 -0.0 
Visitor -0.0 -0.0 -0.0 0.1 -0.1 0.1 0.8 -0.1 0.2 -0.0 
Pedestrian 0.1 0.5 -0.1 0.1 0.2 0.3 0.6 -0.0 0.3 0.0 
Wifi/internet -0.0 0.1 0.0 0.1 0.0 0.2 -0.1 0.8 0.1 -0.1 
Surface material 0.3 0.0 0.4 -0.2 0.0 0.2 0.2 -0.1 0.4 0.2 
Surrounding 
buildings 
0.0 0.1 0.1 0.2 0.0 -0.2 0.1 0.2 0.8 -0.1 
Grass/green area 0.2 0.1 0.1 0.0 0.1 0.2 -0.0 -0.0 -0.0 0.9 
Eigenvalue  5.5 4.0 2.3 1.7 1.6 1.4 1.3 1.1 0.9 0.8 
Percentage of 
variance 
15.8 9.4 8.0 7.8 7.1 6.5 6.3 5.4 5.1 4.8 
 
Data on the comfort factors of open spaces in Group 2 were extracted 
using varimax rotation with eigenvalue > 1. This rotation generated two 
latent constructs or factors which include 'comfort’ and 'freshness’ as 
indicated in Table 3. 'Comfort’ represents 'comfort level’ and 'air 
temperature’ and has a broad meaning which is sometimes perceived as 
thermal, visual, or general comfort. Moreover, open spaces with a high level 
of comfort are generally observed to have cool air. The second latent 
variable, 'freshness’, represents 'air humidity’ and 'wind’ and shows that 
open spaces experiencing wind usually have neutral, not humid nor dry air 
humidity. This is in line with the findings of Walker (2016) that wind 




Table 3. Factor loading for all items used in generating perceived dimensions of comfort 
Variable  Factor 
Comfort Freshness 
Comfort level 0.557 -0.037 
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Air temperature 0.439 -0.134 
Air humidity -0.194 0.772 
Wind  0.378 0.515 
Eigenvalue  1.465 1.139 
Percentage of variance 36.618 28.465 
1.9 The Influence of Open Spaces’ Elements on Comfort 
Perception 
The regression analysis conducted showed a correlation value of 0.62 for 
the R-square as presented in Table 4. This means 62% of the variability in 
perceived dimensions of elements in the open spaces conformed to the 
prediction or regression line. The R-square value was, however, recalculated 
after the five data identified as outliers based on < 5% of 110 were excluded 
and the results are presented in Table 4. This is necessary based on the 
opinion of Aguinis, Gottfredson, and Joo (2013) that the quantitative 
technique requires cutting off the potential error outliers at the top and 
bottom by 2.5% of the total respondent data. 
 












Visual and auditory 
aspects 
0.6443 <0.0001*** 
Natural elements and 
a company of friends 
0.1466 0.0143* 
Pollution  0.1024 0.0997 
Commercial facility 0.0410 0.4927 
Recreational facility 0.0212 0.7275 
Shading 0.2695 <0.0001*** 
Visitor 0.0691 0.2691 
Internet -0.0931 0.1141 
Spaciousness -0.0530 0.3953 
Grass/green area 0.0682 0.2566 
Note: ***: p < 0.0001; **: p < 0.01; *: p < 0.05 
 
The results showed there is no correlation between 'freshness’ and 
perceived dimensions of elements in the open spaces as indicated by the R-
square value of 0.09. The 'freshness’ describes the perceived quality of 'air 
humidity’ and 'wind’ and the regression was used to analyze the correlation 
between each of its descriptors and the 27 perceived dimensions of elements 
in the open spaces. The R-square value for 'air humidity’ and elements was 
found to be 0.26 and this confirmed the weak correlation between 'freshness’ 
and these perceived dimensions. It is also important to note that even though 
the air humidity levels were perceived to be comfortable or in the neutral 
range as shown in Figure 2, the actual level is possibly in the high range. 
The respondents’ perception is, however, observed to be corresponding with 
the result of a previous study by He et al. (2017) which showed there is no 
significant effect of humidity on perceived air quality at comfortable 
temperatures. The weakest correlation between air humidity and the thermal 
sensation was also reported in a study on the subjective estimation of 
thermal environments (Kántor, Égerházi, & Unger, 2012). Moreover, 
humans are sensitive to slight temperature changes but are unable to perceive 
the differences in relative humidity levels at the range of 25-60% (Sunkpal, 
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Roghanchi, & Kocsis, 2018). This means there is a possibility of a wide 
variation in the level of humidity in the open spaces which are not perceived 
by the respondents and this further affects the correlation between 'air 
humidity’ and the 27 perceived dimensions of elements in the open spaces. 
Table 4 shows only three dimensions of elements in the open spaces with 
a p-value < 0.05 which significantly affect the comfort perception. The most 
significant influence was recorded for 'visual and auditory aspects’ with a 
magnitude of 0.6443 while “neat, clean, quiet, and large open spaces with 
beautiful scenery and light-colored surface” are classified into cool or 
comfortable spaces. Moreover, a more comprehensive regression analysis 
showed 'tranquility’ (R-square = 0.257) and 'scenery’ (R-square = 0.251) 
were perceived to contribute most significantly to the comfort of open 
spaces. This is in agreement with the findings of Balcer (2014) that vision 
and auditory cues have the ability to convey temperature perception to some 
extent. Studies on multi-sensory perception in urban space using factor and 
regression analyses (Grahn & Stigsdotter, 2010; Zhang, Liu, & Li, 2019) 
also support this finding even though they are more concerned about the 
usage of urban green space on people’s health and well-being including 
mental restoration. Furthermore, Zhang, Liu, and Li (2019) emphasized the 
mental restorative effects of auditory and visual sensations with the greater 
effects recorded with the auditory sensation. Another study was conducted 
using eight perceived sensory dimensions including serene, space, nature, 
rich in species, and a low or no presence of social activity to restore people 
from stress by Grahn and Stigsdotter (2010), and the findings showed people 
generally prefer the dimension of serenity. Furthermore, the strong 
association between 'visual and auditory aspects’ and 'comfort’ in this study 
highlighted the multi-sensory interaction in perceiving the elements of open 
spaces influencing comfort. 
'Shading’ is the second element with strong effects on comfort perception 
as evident by the R-square of 0.2695. It is renowned as the most effective 
cooling strategy in humid tropics due to its ability to shield direct solar 
radiation. The effective role of shading in improving outdoor thermal 
comfort has also been previously studied by Ghaffarianhoseini, Berardi, and 
Ghaffarianhoseini (2015), Koerniawan and Gao (2015), Makaremi et al. 
(2012), Yahia et al. (2018).  
Table 4 also shows the 'natural elements and a company of friends’ 
significantly affected the feeling of comfort with 0.1466. Some previous 
authors (Nikolopoulou & Steemers, 2003; Reiter & De Herde, 2003) have 
shown naturalness to be one of the six forms of psychological adaptation to 
outdoor thermal comfort. This means naturalness and environmental 
stimulation are the real need of human beings. Moreover, vegetation and 
climatic factors are the natural elements considered to fit easily in an urban 
environment (Reiter & De Herde, 2003). The significant relationship 
between a company of friends and the comfort of a place has also been 
previously described by Mehta (2013), Montgomery (2015), and Ujang, 
Kozlowski, and Maulan (2018). The findings showed a company of friends 
has the ability to build and strengthen the attachment of a person to a place. 
Such area is, therefore, considered a 'third place’ due to the attraction of the 
people to the place they regularly visit. 
1.10 Limitations and Suggestions for Future Research 
This preliminary research produced two new elements of open spaces 
which significantly influence the outdoor thermal perception which is 
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“visual and auditory aspects” and “natural elements and a company of 
friends”. Meanwhile, “shading” is not a new element due to the fact that it 
has been previously investigated in several studies. These new elements 
consist of two factors with split loading and this means they are not firm. 
Moreover, the snowball sampling technique employed in this study has the 
potential for bias and margin of error. Therefore, other sampling techniques 
such as random sampling with a much higher number of respondents (≥ 500) 
are recommended for future research to avoid bias and margin of error which 
have the possibility of causing a more rigid categorization. 
4. CONCLUSIONS 
An exploratory method was used in this research to uncover the 
perceived dimensions of elements in the open spaces which are able to 
influence the outdoor thermal comfort and have not been explained by 
microclimate theories. This produced 24 descriptors to represent the 
elements based on the application of content analysis to the data acquired 
through online and open-ended questionnaires. The descriptors were further 
classified into eight categories including tree, visual aspects, air pollution, 
surface material, density, supporting facilities, shading, and tranquility based 
on their positive and negative roles. Moreover, the second phase of this 
study confirmed the role of psychological adaptation and multi-sensory 
interactions in the perception of the outdoor thermal environment. 
The FA conducted with varimax rotation generated 10 dimensions of 
elements in open spaces with the ability to influence thermal comfort and 
these include visual and auditory aspects, natural elements and a company of 
friends, pollution, commercial facility, recreational facility, shading, visitor, 
internet, spaciousness, and grass or green area. Moreover, regression 
analysis was used to identify the correlations between each and new 
dimensions of the conditions for comfort which are 'comfort’ and 'freshness’. 
The strong correlations between visual and auditory aspects and the feeling 
of comfort confirmed how the multi-sensory strongly works in thermo-
spatial perception while those observed between 'natural elements’ and 
'comfort’ reflect the significant role of psychological adaptation.  
The “visual and auditory aspects” as well as the “natural elements and a 
company of friends” are the elements of open space which effects on the 
perception of thermal comfort were unable to be tested using physical and 
physiological approaches. They are expected to be considered at the design 
stage of an urban area to create more comfort and livability. Future studies 
are recommended to use random sampling with a much higher number of 
respondents to improve the split loading in these new dimensions. 
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